Abstract: The predictors of poor bowel preparation in colorectal cancer screening participants have not been adequately studied, and the association between the quality of bowel preparation and adenoma detection has not been firmly established. This study examined the determinants of poor bowel preparation, and evaluated its relationship with adenoma detection.
INTRODUCTION
C olorectal cancer (CRC) is one of the most common malignancies worldwide. 1 Many Asia Pacific countries including Korea, Japan, China, and Singapore are increasingly affected, with incidence figures comparable to that of the Western countries. 2 CRC screening tests are effective to reduce mortality by up to 33% and 56% using fecal occult blood tests and colonoscopy, respectively. 3, 4 Colonoscopy is now more commonly used as a primary or follow-up screening test. 5, 6 The American guidelines 7 and the updated Asia Pacific consensus statements 8 recommended colonoscopy as the preferred choice in individuals with increased risk-mainly because of its ability to detect and remove adenomatous polyps at an earlier, more treatable stage. 9, 10 According to the European guidelines for quality assurance in CRC screening and diagnosis, 11 the quality of bowel preparation is one of the auditable outcomes for every colonoscopic procedure. The ideal preparation method should reliably cleanse the colon of all fecal materials with little effect on the macroscopic appearance of the colonic mucosa to maximize the detection of adenomatous lesions. 12 Studies conducted in Western countries showed that poor bowel preparation was a major impediment to the effectiveness of colonoscopy; prolonged cecal intubation time and withdrawal time; and reduced detection of both small and large polyps. 13, 14 Poor preparation quality may also increase the risk for procedure rescheduling and induce high costs. 15 According to these studies, identifying those at higher risk for poor bowel preparation is crucial to improve screening practices. Nevertheless, there is a recent study by Jover et al 16 which showed that the quality of bowel preparation did not influence the adenoma detection rate (ADR), and that withdrawal time in normal colonoscopies was the only modifiable factor related to ADR.
We aimed to evaluate the factors independently associated with the quality of bowel preparation in a large CRC screening population. Because existing studies on the association between bowel preparation quality and ADR were almost exclusively conducted in Western countries and the conclusions are mixed, [13] [14] [15] [16] we also tested this association based on the same Chinese screening cohort.
METHODS

Study Setting
The study setting has been previously described. 17 
Study Participants
Subjects who were eligible included those who (1) were aged 50 to 70 years; (2) had no existing or previous symptoms suggestive of CRC, including hematochezia, tarry stool, anorexia or change in bowel habit in the past 4 weeks, or weight loss of >5 kg in the past 6 months; and (3) had not received any CRC screening tests in the past 5 years. Exclusion criteria included personal history of CRC, colonic adenoma, or inflammatory bowel disease. Subjects with medical disorders that were contraindications for colonoscopy (eg, cardiopulmonary insufficiency and the use of double antiplatelet therapies) were also excluded.
Study Logistics
All participants were invited to complete a self-administered survey, including details on their sociodemographic information, past medical history, and use of chronic medications. The body weight and height was measured with the participant wearing light clothing without wearing shoes, using a wallmounted stadiometer and regularly calibrated weight scales. Subsequently, all participants attended an educational seminar, which consisted of a standard video and a health talk delivered by trained educators. The video included updates on the biological nature, risk factors, and clinical presentations of CRC, as well as the benefits of regular CRC screening. This study included all participants who received colonoscopy in the period 2008 to 2014.
Colonoscopy
Before the scheduled colonoscopy appointment, all study participants were explained about the details of colonoscopy procedures. The standard bowel cleansing regime polyethylene glycol (PEG; Klean-Prep R , Helsinn Birex Pharmaceuticals Ltd, Ireland) was offered to each participant before they left the center, together with a reminder sheet on its proper use. Split dosing was recommended to the subjects, and the importance of low residue diet before colonoscopy was emphasized. Colonoscopy was performed by 3 experienced colonoscopists (3 specialists with >10 years of comparable practice experience) in 2 endoscopy centers affiliated with a major hospital. All subjects received intravenous midazolam (Groupe Panpharma, France) and meperidine (Martindale Pharmaceuticals, United Kingdom) with the doses titrated according to the subjects' level of discomfort. Air insufflation was applied, and all endoscopists aimed for cecal intubation and a withdrawal time of !6 minutes, which is in accordance with the current quality indicators for colonoscopy. 26 Cecal intubation is defined as passage of the colonoscope tip to a point proximal to the ileocecal valve so that the entire cecal caput, including the medial wall of the cecum between the appendiceal orifice and ileocecal valve, is visible. 26 Withdrawal time refers to the time between the moment where the cecum is reached and the moment where the scope is withdrawn. 26 As deemed appropriate by the endoscopists, lesions were removed and biopsied. The biopsied specimens were sent to a certified, accredited laboratory for gross and microscopic examination. During the procedure, the endoscopists rated the quality of bowel preparation using internationally recognized standards, and the terms included ''excellent,'' ''good,'' ''fair,'' and ''poor.'' 26 These terms were interpreted as the retained intraluminal contents that often can be removed by suctioning instead of the quality of inspection allowable after full removal of the suctionable material. 26 All colonoscopists standardized their rating of bowel preparation before all the procedures by using the guideline from the American Society of Gastrointestinal Endoscopy (ASGE)/American Gastroenterological Association (AGA) Taskforce on Quality in Endoscopy. 26 ''Excellent'' is typically defined as ''no or minimal solid stool and only small amounts of clear fluid requiring suctioning.'' ''Good'' is ''typically no or minimal solid stool with large amounts of clear fluid requiring suctioning,'' ''Fair'' refers to ''collections of semisolid debris that are cleared with difficulty.'' ''Poor'' refers to ''solid or semisolid debris that cannot be effectively cleared.'' 26 These descriptions were put up in the endoscopy room for colonoscopists' reference when they rated the quality of bowel preparation. Each colonoscopist who removed the biopsied specimens was blinded to the research question of the present study, as well as the rating of bowel preparation. The cecal intubation time and colonoscopy withdrawal time were measured by a stopwatch operated by an independent staff.
Outcome Variables and Covariates
For the primary objective, the outcome was the bowel preparation quality and the covariates included age, sex, educational level, marital status, occupation, monthly household income, self-perceived health status, self-perceived risk for CRC, family history of CRC, smoking habits, alcohol drinking, and perceived necessity of CRC screening for people aged !50 years. For the secondary objective, the outcome is ADR, which has been proposed as a quality benchmark and a reportable quality measure. 26 It is defined as the proportion of screening colonoscopies performed by a physician that detect at least one histologically confirmed colorectal adenoma or cancer. 27 We included colorectal neoplasia and advanced neoplasia in separate analyses. Advanced neoplasia is defined as CRC, any colorectal adenoma or sessile serrated polyp which has a size of !10 mm in diameter, high grade dysplasia, villous or tubulovillous histologic characteristics, or any combination thereof. The covariate for ADR included the Asia Pacific Colorectal Screening (APCS) score, 28 body mass index (BMI), alcohol drinking, self-reported hypertension, and diabetes, as well as the bowel preparation quality, cecal intubation time, and colonoscopy withdrawal time. The APCS scoring system is a validated instrument which risk stratifies symptomatic subjects based on age, sex, smoking history, and family history of CRC. Subjects were divided into average risk (scored 0-1), moderate risk (scored 2-3), and high risk (scored 4-7). 28 
Statistical Analyses
The sociodemographic details of the study participants were descriptively presented. A binary logistic regression analysis was performed with poor/fair bowel preparation as the outcome variable (vs good/excellent preparation), and all the covariates were entered into the regression model. To address the secondary objective, 2 separate binary logistic regression models were constructed with detection of adenoma and advanced neoplasia as the outcome variable, respectively. The variable tested for association was the quality of bowel preparation. Previous studies found that longer withdrawal time was associated with higher ADR, [29] [30] [31] and procedures in poorly prepared patients were longer. 14, 15 Colonoscopy withdrawal time was therefore not included as a covariate in the regression analyses as it could be affected by the detection of adenoma and the quality of bowel preparation. Owing to the different experiences of colonoscopists and the interphysician effect on the ADR, we also incorporated individual endoscopist as a covariate in sensitivity analysis. All P values <0.05 in the multivariate regression analysis were regarded as statistically significant.
RESULTS
Participant Characteristics
A total of 5470 eligible participants were included (Table 1) . There were only 8 colonoscopies which were incomplete or abandoned because of poor bowel preparation, which were excluded from the regression analyses. Their average age was 57.7 years (SD 4.9), and 47.0% were male subjects. Their average BMI was 23.5 kg/m 2 (SD 3.2), and 14.2% had family history of CRC in a first-degree relative. The proportion of current smokers and current drinkers was 7.7% and 9.6%, respectively. The most common comorbidities included hypertension (22.9%), diabetes (7.5%), and gastroesophageal reflux disease (5.1%). Among them, 4.7% used Non-steroidal anti-inflammatory drugs (NSAIDs) and 2.5% used aspirin. Majority was classified as having moderate risk (79.2%) and 20.8% was classified as high risk. The proportion of participants having poor, fair, good, and excellent bowel preparation was 5.8%, 28.8%, 52.5%, and 12.9%, respectively. The average cecal intubation time was 7.0 minutes (SD 5.4; range 1.22-36.9 minutes), and the average colonoscopy withdrawal time was 10.8 minutes (SD 6.9; range 6.0-107.0 minutes). Among all, 26.5% had colorectal neoplasia and 5.5% had advanced neoplasia. The distribution of these lesions was shown in Table 1 . Among those with colorectal neoplasia, the proportion having diameters of <5 and 5 to 9 mm was 60.2% and 39.8%, respectively, whereas for those with advanced neoplasia, the proportion having diameters of <5, 5 to 9, and !10 mm was 3.3%, 17.0%, and 79.7%, respectively.
Factors Associated With Poor or Fair Bowel Preparation
From binary logistic regression analysis with poor or fair bowel preparation as an outcome, it was found that subjects aged !60 years (adjusted odds ratio [ 
The Association Between Bowel Preparation Quality and Detection of Lesions
Poorer bowel preparation quality was associated with longer cecal intubation time and longer colonoscopy withdrawal time (both P < 0.001; Table 3 ). The detection of colorectal neoplasia and advanced neoplasia was used as the outcome measure controlling for the recognized risk factors of CRC (Table 4) . Compared with subjects with excellent bowel preparation, those with good (AOR ¼ 0.354, 95% CI 0.270-0.464, P < 0.001) and fair or poor (AOR ¼ 0.406, 95% CI 0.303-0.545, P < 0.001) bowel cleansing were significantly less likely to have colorectal neoplasia detected. The same applied to colorectal advanced neoplasia and neoplastic lesions sized !5 mm in diameter (Table 5 ).
Sensitivity Analysis
Each study participant was assigned to the principal endoscopist responsible for the colonoscopy procedure. When 
DISCUSSION
It was found that the level of poor or fair bowel preparation was 34.6%. Older age, male sex, and smoking were associated with poorer bowel cleansing, which was associated with lower ADR for any neoplasia or neoplasia !5 mm. Poor preparation may obscure the colonoscopy field, thus rendering identification of colonic lesions more difficult. This is thus far the first large-scale study in the Asia Pacific region which addressed the association between bowel preparation and ADR among asymptomatic screening CRC participants. The study design is prospective; endoscopists were blinded to our research questions; and the data recording is complete. However, some limitations should be addressed. First, the screening participants were self-referred, and it is possible that they were more health conscious than the general population. It is nevertheless impractical to recruit screening subjects by a population-based, random sampling strategy because the anticipated refusal rate would be high. Second, this study allows inferences with respect to associations but not causality because of its observational nature. The present findings should be cautiously interpreted as we reported that the quality of bowel preparation was associated with, but not directly influencing adenoma detection. In addition, we have only tested PEG as the bowel preparation of interest. Other formularies such as oral sodium phosphate, sodium picosulfate, magnesium citrate, and MiraLAX/Gatorade have been reported in the literature as having different efficacy, patient tolerability, and adverse effects. [32] [33] [34] [35] Nonetheless, PEG is one of the most commonly used bowel preparation regimen, and has been recognized as a fast, effective, and well-tolerated method for bowel cleansing. 36 In addition, it should be noted that the perception of preparation quality is inevitably subjective. Ã P values compared the cecal intubation time and colonoscopy withdrawal time among subjects with different bowel preparation quality. The range of cecal intubation time and colonoscopy withdrawal time was 1.2 to 36.9 minutes and 6 to 107 minutes, respectively. Although the terms in rating the quality of bowel preparation have been regarded as reasonable guides to the appropriate use of bowel descriptors by the ASGE and AGA, 26 there might still be interobserver bias influencing its reliability. In addition, the colonoscopy withdrawal time and cecal intubation time were measured including the time of lesion removal, and the lesion removal time per se was not specifically measured. Lastly, the present study has not arranged follow-up procedures to ascertain the actual incidence rates of colorectal neoplasia among patients in different bowel preparation groups. These follow-up procedures could be considered in future studies.
There are few studies which addressed the determinants of colon-cleansing quality in the Western countries. In a multicenter European trial, Froehlich et al 14 found that subjects aged >65 years and those who had poorer health status were associated with lower quality of preparation. Ness et al 37 recruited patients attending for colonoscopy at a University hospital in Indianapolis, and found that the determinants of inadequate preparation for colonoscopic procedures included male sex, a later colonoscopy starting time, failure to follow preparation instructions, inpatient status, procedural indications for constipation, use of tricyclic antidepressants, and a history of cirrhosis, stroke, or dementia. However, the majority of subjects in both studies were mostly symptomatic, and the number of asymptomatic subjects who attended for screening was modest. The reasons why older patients, male subjects, and smokers were more likely to present with poorer preparation remained speculative. These individuals might have poorer tolerability to the regimen, or failed to follow the preparation schedule completely due to the relatively lower health consciousness-notably among males and smokers.
Some previous studies evaluated the association between bowel preparation quality and ADR, or the efficiency of colonoscopy with mixed results. [13] [14] [15] [16] The range of inadequate or poor bowel preparation ranged from 12.5% to 25.8%. One prospective, multicenter study identified that poorer cleansing quality resulted in lower detection of polyps of any size, and also polyps >10 mm in size.
14 Another retrospective database analysis showed that adequate preparation led to identification of ''nonsignificant'' lesions ( 9 mm), but not ''significant'', mass lesions (>9 mm). 13 Yet another multicenter, prospective observational study found that bowel cleansing was not associated with higher ADR. 16 Findings from these studies are inconclusive with respect to the impact of bowel cleansing on ADR. Hence, given the large sample size of the present study, our findings supported the hypothesis that poor bowel preparation was associated with lower detection rates of colonic lesions among asymptomatic screening participants.
As one of the implications from this study, subjects at higher risk for inadequate cleansing should have more intensive preparation protocols. They are also individuals where steps to improve patient understanding of and compliance with bowel preparation are warranted. ADR has been inversely associated with the risks of interval CRC, advanced-stage interval cancer, and fatal interval cancer. 27, 38 Previous evidence on the significance of bowel preparation was not strong, and these findings are compatible with bowel preparation being a quality indicator for colonoscopy. The low ADR among those with poor bowel cleansing found in this study alerts the need for emphasizing strategies to improve it in continuous quality improvement programs. Future studies should evaluate the reasons underlying poor bowel preparation, and devise targeted interventions to enhance the cleansing procedure.
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